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1 Introduction

The behaviour of BWP inactivity (bandwidthPartInactivityTimer) timer behaviour has been captured in the latest TS 38.321. The start/restart condition and stop condition have been specified as follows:
2>
if a PDCCH indicating downlink assignment or uplink grant is received on the active BWP; or

2>
if a MAC PDU is transmitted in a configured uplink grant or received in a configured downlink assignment:

3>
if there is no ongoing random access procedure associated with this Serving Cell:
4>
start or restart the bandwidthPartInactivityTimer associated with the active DL BWP.
2>
if a PDCCH for BWP switching is received on the active DL BWP, and the MAC entity switches the active BWP:

3>
start or restart the bandwidthPartInactivityTimer associated with the active DL BWP.

2>
if Random Access procedure is initiated on this Serving Cell:

3>
stop the bandwidthPartInactivityTimer of this Serving Cell.
3>
if the Serving Cell is SCell (other than PSCell):
4>
stop the bandwidthPartInactivityTimer of SpCell, if running.
When the BWP inactivity timer is expired, the behaviour is specified as follows:

2>
if the bandwidthPartInactivityTimer associated with the active DL BWP expires:

3>
if the default-DL-BWP is configured:

4>
perform BWP switching to a BWP indicated by the default-DL-BWP.
3>
else:

4>
perform BWP switching to the initial DL BWP.

Besides, RAN1 has decided several candidate BWP inactivity timer values, which are captured in the latest TS 38.331, in which very short values are agreed, e.g., 1ms, 2ms, etc..

In this paper, we discuss a potential issue of the current BWP inactivity timer, when BWP switching due to timer expires during the PDSCH/PUSCH transmission. Some solutions are proposed and the corresponding TPs are given..
2 Discussion
In RAN1 NR ah#3 meeting, it has been agreed for grant-based DL and UL, transmissions where a TB spans multiple slots or mini-slots can be composed of repetitions of the TB, which means UE may perform PDSCH/PUSCH transmission in a consecutive time, e.g., several slots.  

Agreements:

· For grant-based DL or UL, transmissions where a TB spans multiple slots or mini-slots can be composed of repetitions of the TB

· The repetitions follow an RV sequence 

· FFS how the sequence is defined in specification

· FFS if there is one repetition of the TB per slot in the case of repetitions using mini-slots

· FFS for grant-based DL or UL transmissions, if a TB can span multiple slots without repetitions

As specified in TS 38.321, when the BWP timer expires, the active downlink BWP will switch to either a configured default downlink BWP or initial downlink BWP. Based on the configurations in TS 38.331, the BWP timer can be configured with very small value, e.g., 1 ms, 2 ms; Based on RAN1 design, the maximum value of K0/K2 could be up to 32 ms and the maximum value of aggregation factor could be up to 8 which means maximum transmission duration of 8ms. There are two cases which may cause data transmission interruption:

· Case 1: the BWP timer may expires within the PDSCH/PUSCH transmission;

· Case 2: the BWP timer may expires within the K0/K2;
In both above case, the PDSCH/PUSCH transmission will be interrupted by the BWP switching which is not expected.

Observation 1 The BWP inactivity timer may expire within PDSCH/PUSCH transmission or within k0/k2, which causes data transmission interruption.

There are several options to solve the issue that the PDSCH/PUSCH transmission is interrupted by downlink BWP switching. Note that the PUSCH transmission interruption is due to the paired BWP configuration in TDD carrier.
· Solution 1: Start/ restart the BWP timer associated with the activated DL BWP if BWP timer expires  within the PDSCH/PUSCH reception or within expected PDSCH/PUSCH, as shown in the following figure.
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· Solution 2: Stop the BWP timer upon starting reception of PDSCH, and resume the timer when the PDSCH reception ends.
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· Solution 3: upon expiry of the BWP inactivity timer, the UE suspend BWP switch until the end of the PDSCH reception
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· Solution 4: It’s network implementation to prevent this case from happening, e.g., configuring a relative large value of BWP inactivity timer.
We think it’s risky to just rely on network configuration to solve this issue, so we don’t prefer option 4. All the other solutions can work, but there are some pros and cons.
Solution 1 and solution 2 are basically the same, which is the timer will be reset when certain condition is met. However, compared solution 2 with solution 1, in the case when the BWP inactivity timer expires within the K0/K2, solution 2 will still switch the UE to default or initial BWP which makes UE lost the expected PDSCH/PUSCH. For solution 1, in either case, the timer will start/restart, which guarantees the UE receives the PDSCH/PUSCH before the BWP switching.
For solution 3, it’s sure that this option can solve the issue, however, it may cause frequent BWP switching. The UE immediately switches to default BWP after the end of the PDSCH/PUSCH transmission, however, if there are follow-up scheduling in the previous active BWP, the network has to send DCI to switch the UE back to the previous active BWP.

One may also argue that what if the UE lost the scheduling, it may cause different behaviour of the BWP inactivity timer between network side and UE. We think the miss-detection may happen in the following two cases:

· The UE lost the PDCCH indicating PDSCH/PUSCH transmission;

· The UE detects the PDCCH but lost the scheduled PDSCH/PUSCH transmission;  
For the first case, it’s common to the current BWP inactivity timer even if our proposal solutions are not adopted. The miss-detection of PDCCH do cause different behaviour in network side and UE side, e.g., the network assumes the UE has received the PDCCH thus the BWP inactivity timer is restarted in the network side, however, the UE won’t restart the timer since the PDCCH is not received. There is currently not very good solutions to handle this case, but it will not cause critical issues since the network can realize that there is no feedback from UE side, so the timer behaviour can be aligned.

For the second case, since the UE has already received the PDCCH, the scheduling information is obtained, e.g., the duration of PDSCH/PUSCH. The timer behaviour could be based on the scheduling information even if the PDSCH/PUSCH is lost. From this perspective, there is no miss-match behaviour if the PDCCH has already detected.
Based on the above analysis, we think both option 1 can be considered as the candidate solution to the issue which the PDSCH/PUSCH transmission is interrupted by the BWP switching.
Proposal 1 The BWP inactivity timer starts/restarts when the timer expires within a PDSCH/PUSCH transmission (including repetition), or the timer expires within K0/K2;
Proposal 2 Adopt the corresponding TPs in Annex.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
The BWP inactivity timer may expire within PDSCH/PUSCH transmission or within k0/k2, which causes data transmission interruption.
Proposal 1
The BWP inactivity timer starts/restarts when the timer expires within a PDSCH/PUSCH transmission (including repetition), or the timer expires within K0/K2;
Proposal 2
Adopt the corresponding TPs in Annex.
4 
 Annex Text proposal to TS 38.321
5.15
Bandwidth Part (BWP) operation
***********Change starts******************

If BWP-InactivityTimer is configured, the MAC entity shall for each activated Serving Cell:

1>
if the Default-DL-BWP is configured, and the active DL BWP is not the BWP indicated by the Default-DL-BWP; or

1>
if the Default-DL-BWP is not configured, and the active DL BWP is not the initial BWP:

2>
if a PDCCH indicating downlink assignment is received on the active BWP; or

2>
if a PDCCH for BWP switching is received on the active DL BWP, and the MAC entity switches the active BWP:
2> if this bandwidthPartInactivityTimer associated with the active DL BWP expires within PDSCH/PUSCH transmission, or within the time duration between a PDCCH and the indicated downlink assignment or uplink grant:
3>
start or restart the BWP-InactivityTimer associated with the active DL BWP;
2>
if Random Access procedure is initiated:

3>
stop the BWP-InactivityTimer;
2>
if the BWP-InactivityTimer associated with the active DL BWP expires:

3>
if the Default-DL-BWP is configured:

4>
perform BWP switching to a BWP indicated by the Default-DL-BWP.
3>
else:

4>
perform BWP switching to the initial DL BWP.

***********Change ends******************
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